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Biausinue yabTpadunosieToBoro 00y4eHus
HA TEPMHYECKYI0 CTa0WJIBHOCTH XJIOpHAa cepedpa

PaGoTa BeInosIHEHA IpU YacTHYHOU uHaHCOBOM moanepxkke POOU (mpoekt Ne 15-03-05385).

Hccnedosarno enuanue yrompaghuonemosoeo obnyuenus ¢ oaunou 365 Hm 6 npo-
yecce cummesa HA MePMUYECKYIO CMAOUTLHOCMb Xaopuda cepebpa. YcmanogieHo,
Umo mepmMuyecKkas CmabUIbHOCHIb 3A6UCUN O MEModd CUHMe3d XA10pudd cepedpa.
IIpu cunmese AgCl ¢ usbvimke UoHO8 cepebpa sHepaus CyOIUMAYUY YEETUHUBAEMCS 6
1,8 paza 6 cpasnenuu ¢ HeobmyuenHbIM XA0pUOOM cepebpa. B mo dice pems ons xo-
puoa cepebpa, CUHMESUPOBAHHO20 6 U30bIMKe UOHO8 XJI0Pd, MEPMULECKAs CMAabUlb-
HOCMb yMeHbuiaemes noumu 6 2 pasa. Pasnuuue ¢ mepmuyeckou cmadbuibHocmu ¢
mem, umo 8 npoyecce yIompaguonemosozo o0.1yueHus oopasyos, CUHMe3UpO8aHHbIX
8 U30bIMKe UOHOS8 XI0pd, HA NOBEPXHOCMIU YACMUY 00pA3yemcs NIeHKA 80CCMAHO8-
JIeHHO20 cepebpal.

KnioueBble cnoBa: xiopud cepebpa,; yrempaguonemogoe obnyueHue; mepmute-
cKkas cmabuibHOCmb.

BBenenne

Xnopun cepeopa (AgCl) mupoko MpUMEHSIETCS KaK CBETOYYBCTBUTEIbHBIN
KOMIOHEHT (oTtorpaduyeckux smyinbcuil B phoromarepuanax [1]. Kpome Toro,
OH HCIIOJIb3YETCs B COBPEMEHHBIX YHEPrOAKKYMYJIUPYIOMIUX CUCTEMAax IS U3-
TOTOBJICHUS aKKyMYJISITOpHBIX O0atapel «Cl — Ag — Zn» B KaueCTBE KOMIIOHEHTA
3JIEKTPOJOB B XUMHUYECKUX MCTOYHHKAX TOKA M CTaHJAPTHBIX XJIOPCEPEeOPSHBIX
9JIEKTPOJIOB B aHAIUTUYECKON XMMHUU MIPU OMpeIeNieHuH IpuMeceil Oiaropo/-
HBIX METAJUIOB [2], A OIIEHKH KOPPO3WOHHOW CTOMKOCTHU MTOPOIIKOB ¥ CTIJIABOB
[3], st ompeneNieHns AIEKTPOTHBIX TTOTEHITMATIOB 30JIei cepebpa u 3o0i0Ta [4].
Hecmotps Ha oOmupHbIe 001aCTH IPUMEHEHHUS XJIOpUAa cepedpa 10 HacTosIIe-
r0 BPEMEHHU IONHOCTHIO HE M3YUYECHO BIMSHUE BHICOKOPHEPTETHIECKUX BO3JEH-
CTBUH W M3IIyYCHWH Ha €r0 TEPMOXUMHUYECKYIO CTaOWIbHOCTh. K HacTosmemMy
BPEMEHH YCTaHOBJIEHO, YTO BO3JEHCTBHE MOTOKOB YCKOPEHHBIX 3JEKTPOHOB,
TakK K€ KaK U BO3JCHCTBHE BHICOKOYACTOTHOTO JIEKTPOMATHUTHOTO U3JTY4YEHHS,
MPHUBOIUT K CYIIECTBEHHOMY M3MEHEHHIO (PH3UKO-XMMHUIECKUX CBOUCTB HEOP-
TFaHMYECKUX MATepUAJIOB, B YACTHOCTH HAHOIOPOILIKOB MeTauioB [5—7]. M3me-
HeHUe (PU3UKO-XMMHUYECKHX CBOWCTB MaTE€pPHaOB MOXKHO ITHArHOCTUPOBATH C
MTOMOIIBIO METOJIOB peHTreHoda3zoBoro (PDA) [8, 9] 1 peHTTeHOCTPYKTYPHOTO
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(PCA) [10] ananu3oB, a Takke Metoaa auddepeHInaTbHO-TEPMHUUECKOTO aHa-
muza (ATA) [11].

g xnopuaa cepebpa, kak st HOTOUYBCTBUTEIBLHOIO B BUAUMOM 00jacTu
JJIEKTPOMarHUTHOIO CIIEKTpa MaTepualla, BaXKHO YCTaHOBHUTb BIIMSHUE IUIU-
TenpHOTO yibTpaduoneroBoro (Y®) oOnydeHHss Ha W3MEHEHHE €ro (PH3HKO-
XUMHYECKUX CBOUCTB. [Ipnuem Takue meroanl aHanusa, kak POA u PCA, nos-
BOJISIIOT OIPEAENUTh (Pa30BbIe M CTPYKTYPHBIC U3MEHEHHS B KPHCTALIMYECKOM
pelérke MaTepuana, HoO He O3BOJIAIOT OLIEHUTh U3MEHEHUE TEPMOXUMHUYECKUX
CBOICTB xyopuaa cepedpa. Takum oO6pazom, it Oosiee aKTUBHOTO HCIIOJIb30Ba-
Hust AgCl B COBpEMEHHBIX TEXHOJIOTHSIX aKTYaJIbHBIM SIBIISCTCS HCCIIEIOBAHHE
BIIMSTHUS JIEKTPOMATHUTHOTO W3Iy4EHHS yIbTPa(roIeToBOH 00JacTH CHEKTpa
Ha M3MCHEHHE TEPMOXUMHUCCKIX CBOMCTB XJIOpHIa cepedpa ¢ IIOMOIIBI0 METO-
na nmuddepeHuaIbHO-TEPMUYECKOTO aHaH3a.

Lenpro paboOTHI SABJISAIOCH OnpesiesieHre BiusHus Y @-00mydeHnst Ha U3Me-
HEHHE TEPMOXUMHYECKAX ApaMeTPOB XIJIOpHIa cepedpa.

Mertoabl noiy4eHUs U XapaKTepUCTHKU 00pa3LoB

g mpoBeneHuUsl MCCIeOBaHUNA XJIOpUI cepedpa CHHTE3UPOBAIM MyTEM
cmenieHus: BogHbIX pacTBopoB NaCl u AgNOs. lnst nonyuenus AgCl ¢ n30bIT-
koM HOoHOB Ag’ B pactBop AgNO; BmmBamu pactsop NaCl, ans monydenus
AgCl ¢ u3bsrTkoM nonoB Cl™ B pactBop NaCl BinuBanu pactBop AgNO3. B pan-
HUX paboTax YCTaHOBJIEHO, YTO OCHOBHOH THI pa3yHoOpsIOYEHHOCTH B KpH-
CTAJUTMYECKOW pemméTke Xiopuaa cepedpa — aedextol OpeHkensi B KaTHOHHOM
peLeéTKe.

OJEeKTPOHHbIE MUKPOCKONINYECKUE HCCIeN0BaHus cuHTe3npoBaHHOro AgCl
MIPOBOJIMJIM C HCIIONb30BaHHEeM MUKpockona JSM-840 ¢upmer «Jeol». Jlins Muk-
poaHai3a HCHONB30BA PEHTTEHOBCKAN MHKpoaHamm3aTtop (GupMbel «Linky»
(mpuctaBka EDX 1y pacTpoBOro 3J€KTPOHHOTO MHUKpOCKOMa). TepMudeckue
coiictBa AgCl ncciienoBanm ¢ moMoIb0 MeToaa auddepeHnnaibHOro TepMu-
yeckoro ananm3a ([ATA) B Hayuno-anamntudyeckom tieHTpe Tomckoro monw-
TEXHUYECKOro YHuBepcuteTa, Tepmoananuzarop STD Q600. O6pasusr AgCl
nomemany B yaiky Ilerpu u ycranasnusanu nox uctoyHuk ¥Y®, Bpems skcno-
HUpOBaHUs cocTaBisiio 4, 8, 12, 16, 24 4. B kauecTBe uziydarens B pabore wc-
MOJIb30BAJIM PTYTHO-KBapLEBYIO Jiamny Bbicokoro nasienus I1PK-2 ¢ makcu-
MaJIbHOM MHTEHCUBHOCTBIO Ha JUTMHE BOJIHBI 365(366) HM (CIBOCHHAs 0JIOCA).

Pe3yabTaTsl 3KCIIEPHMEHTOB
Ha puc. 1, a npusenensl Mukpodotorpadun AgCl, mosrydeHHOro B M30BITKE

nonoB Ag" (0603naueno AgCl-1), Ha puc. 1, 6 — IOTy4EHHOTO B U30BITKE HOHOB
CI” (o6o3naueno AgCl-2).
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30.0kV %5000 2pm L
a b
Puc. 1. Mukpodororpaduu ncxoausix moporkoB AgCl-1 (a) u AgCl-2 (b)

30.0kV x5000 Zpm ——

[lo maHHBIM AIEKTPOHHOW MHKPOCKONHH, Ha MHUKpOQoTOorpadusx BUIHO,
gro AgCl-2 obmamaer Goee MEIKOH, «PBHIXIION» CTPYKTYpO# ¢ THAMETPOM OT-
JeTBHBIX YacTHI[ ~ 2 MKM, B TO BpeMs kak AgCl-1 mpencrasnser coOoi armio-
MEpPHUPOBAHHBIE CTPYKTYPHI ~ 6 MKM JJIMHON U JTUAMETPOM ~ 4 MKM.

Ha puc. 2 mpeacranensl Tepmorpammbl AgCl-1 (puc. 2, a) u AgCl-2
(puc. 2, b).

Puc. 2. Tepmorpammsl ncxoansix noporkoB AgCl-1 (a) u AgCl-2 (b): 1 — 3aBUCUMOCTB Mac-
CBI OT TEMIIEPaTypbl 0003HaUeHa HU(POHL, TeroBol 3G eKT — 2, TEII0BOH MOTOK — 3
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Cornacao ganaeiM DTA mornomieHHast mpu CyOJIMMaIiiy SHEPTHsI COCTABIIS-
er 3809 u 7021 Ix/r coorBercTBeHHO. COIIACHO JaHHBIM MHKPOAHAIH3a
aTOMHOE cooTHomIeHue cepedpa k xiopy (Ag:Cl) mnsa obpasua AgCl-1 cocras-
nset 1,026:1, a st obpasna AgCl-2 — 1,007:1.

OKCIepUMEHTaIBHO YCTAHOBIICHO, YTO 3aMETHOE M3MEHEHHE MOP(OIOTUH U
TEPMHUYECKUX CBOWCTB OOBEMHBIX O0pA3IOB MPOUCXOIMIO IMOCTE OOMYUYCHUS
6onee 12 u. [Ipu manpHeiimem 00aydeHHH HE HaAOIIOAATIOCh CKOJIBKO-HUOYAb
3HAYUTEITHLHOTO U3MEHEHHUs ATHX CBOMCTB. Ha puc. 3 mpencraBiens Mukpodo-
torpaduu oopasnos AgCl nocne ux oOmyueHus B TeueHue 16 4.

30.0kV x5000 2pm —— " : 30.0kV x5000 2pm ——

Puc. 3. Mukpodotorpaduu nopomkoB AgCl-1 (a) n AgCl-2 (b) nocne Y P-o6mydenus (16 1)

CpaBHuBas MuKpooTorpaduu UCXOTHBIX 00pa3noB (cM. puc. 1) ¢ MHKpO-
¢doTorpadusiMu puc. 3 BHIHO, YTO IOCIe OOIyHYESHUs IPOU30IILIA arjloMepaLus
qacTHl. ATrJOMeparhl XJopuaa cepedpa, MOJYYEeHHOro B H30BITKE XJIOPHUJI-
HnOHOB (puc. 3, b), UMEIOT PparMeHThl MEHBITUX Pa3MepoB (OT ~ 2 J0 ~ 6 MKM B
IMaMETPE) U MEHEE YETKO BHIPAKCHHBIE TPAHHUIBI MEXKIY (pparMEeHTaMH B CPaB-
HEHUH C arjoMeparamu XJjopuaa cepedpa (0T ~ 2 10 ~ 8§ MKM B AuaMeTpe), 1o-
JIy4EeHHOTO B M30BITKE HOHOB cepedpa (puc. 3, a). Ha puc. 4 npuBeneHsl TepMo-
rpammbl 00pa3ioB AgCl, TOMyYeHHBIX MPU PA3IMYHBIX YCIOBHSX, TOCIE 00Iy-
YeHUs B TeueHue 16 d.
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Puc. 4. Tepmorpamma o6pasoB AgCl-1 (a) u AgCl-2 (b) mocne obmydeHus

Takum oOpazom, TermioTel cyomumMaruii s oopasnos AgCl-1 u AgCl-2 no
obnydenus coctasisiroT 3 809 m 7 021 Jx/r, a mocie odaydeHus — 6 813 u
3 474 I/t coorBeTcTBeHHO. COTNIaCHO NaHHBIM MUKPOAHAIN3a, IOCHe 00Iryue-
HUS aTOMHOE cooTHomeHue cepedpa xyopa (Ag:Cl) mis obpazma AgCl-1 co-
crasiset 1,045:1, a nnst o6pazna AgCl-2 — 1,029:1.

3aki10ueHne

CortacHO TPOBEJCHHBIM JKCIIEPUMEHTAM B 3aBHCUMOCTH OT YCIIOBUH CHH-
Te3a KPHCTAJUIBI XJIOpUAa cepedpa CYIIECTBEHHO Pa3fMyaloTcs IO CBOIMCTBAM:
XJIOpUJ cepebpa, CHHTE3UPOBAHHBIN B M30BITKE HOHOB cepedpa, mocie odiryJe-
HUS XapaKTepusyercs TemioToi cyonumanuu 6 813 JIx/r, T.e. ero Temiora cyo-
JTUMalMy yYBeJIHMYuBaeTcst mpuMepHo B 1,8 pasza. B To sxe BpeMs xjopun ceped-
pa, CHHTE3UpOBaHHEIM B M30BITKE HOHOB XJIOPA, XapaKTEPU3yeTCs] yMEHBIICHN-
€M TeIUIOTHI CyOIMMAIY MPUMEPHO B 2 pasa. M3BecTHO, 4TO HANWYHE XIOPHI-
MOHOB B KPUCTAJUIMYECKOH pelieTke yMEHbIIaeT CKOPOCTh (oToNM3a 1pu o0iy-
yennu [1]. [lo-Bumumomy, 3a Bpemsi oOiryueHus (16 94) Ha TTOBEPXHOCTH TIOJY-
YeHHOro W3 M30BITKa HMOHOB cepebpa xiopuia cepebpa chopMupoBanach
CIIOIIHAS TJICHKA METALIMYeCKOro cepedpa, B TO BpeMs Kak Ha IIOBEPXHOCTH
MOJYYEHHOTO M3 M30BITKA XJIOPHI-MOHOB XJIOpHAA cepedpa CIDIOMIHON IUICHKH
cepebpa He o0pa3oBaiock. Hanuuue CIUTONIHOWM TUIGHKH cepedpa, TeMiepaTypa
IJIaBleHUs] KoToporo Ommska Kk 960°C, mpensaTcTBOBAJIO MCHAPEHHIO XJIOpHIa
cepebpa: ecnu 10 OoOIMydeHHS TEMIIEpaTypa MHTCHCHBHOTO HCIAPEHHS COCTaB-
nsuta ~800°C (cM. puc. 2, @), To Tociie 00ydeHus OHA MOHU3MIAch 10 ~750°C.
TeMmnepaTypa MHTEHCUBHON CyONMMAIMH XJIOpHIa cepedpa, IMONYyYeHHOIO U3
n30BITKA HOHOB XJIopa, cocTaBisiia ~800°C 1 mpakTHYeCKH He M3MEHMIACH TO-
cire o0mydeHus1. [1oBBIIIEHNE TEIUIOTHI CYOIMMAIINH XJIOpHIa cepedpa ¢ n30BIT-
KOM HOHOB cepeOpa, BEPOSITHO, CBS3aHO C JIOMONHHUTEIBHBIMU 3aTpaTaMu YHEp-
T'MM Ha CY6HI/IM3HI/IIO B CBs3U C YMCHBIICHUEM J0JIM MOBEPXHOCTHU, HE 3aHATOMN
cioeM cepedpa. [ToHkeHHe TEIOTHI CyOIMManuu XJiopuaa cepedpa ¢ u30bIT-
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KOM XJIOPHJI-MOHOB OOBSCHSETCSI OTCYTCTBHEM CIUIONIHOW IUIEHKH cepebpa |
KaTaJTUTHYECKUM JeHCTBHEM C(OPMHUPOBAHHBIX B ITpoIecce O0IydeHHs KiIacTe-
pOB cepebpa.

Jlumepamypa

. Calvert J.G., Pitts J.N. Photochemistry. New York : Wiley & Sons, 1966. 899 p.

. Oskina Y., Pakrieva E., Ustinova E., Kryazhov A. Decomposition and preconcentration
methods for the determination of Pt, Pd, Re, in Raw Materials / Advanced materials re-
search. 2014. Vol. 1040. P. 278-281.

3. Korshunov A.V. Kinetics of the oxidation of an electroexplosion iron nanopowder during

heating in air // Russian Journal of Physical Chemistry B. 2012. Vol. 6, No. 3. P. 368-375.

4. Perevezentseva D.O., Gorchakov E.V. Electrochemical Response of Gold Nanoparticles at
a Graphite Electrode // Advanced Materials Research. 2014. Vol. 1040. P. 297-302.

5. Mostovshchikov A.V., II'in A.P., Chumerin P.Yu., Yushkov Yu.G., Vaulin V.A., Ale-
kseev B.A. The Influence of Microwave Radiation on the Thermal Stability of Aluminum
Nanopowder // Tech. Phys. Lett. 2016. Vol. 42. P. 344-346.

6. Unbun A.IL, Poot JI1.O., MocroBiukoB A.B. IloBbllieHne 3araceHHON HEPTUU B HAHO-
nopounikax Merauios // XKypHan texanueckoit ¢pmnku. 2012, T. 82, eim. 8. C. 140-142.

7. Unenna A.Il., Tumuenko H.A., MocrosmmkoB A.B., Poor JI.O., 3Bsarunnesa E.C., ['anu-
MoB P.M. U3yuenue 3apoxaenus, pocta u GopmupoBanuss AIN nmpu ropeHun B BO3IyXe
HAHOIOPOIIKA AFOMHHHS C MCIOJIb30BAaHHEM CHHXPOTPOHHOTO M3nyudeHus // V3Bectust
By30B. ®m3uka. 2011. Ne 11 (3). C. 307-311.

8. II’in A.P., Mostovshchikov A.V., Timchenko N.A. Phase Formation Sequence in Combus-
tion of Pressed Aluminum Nanopowder in Air Studied by Synchrotron Radiation // Com-
bust. Explo. Shock. 2013. Vol. 49. P. 320-324.

9. MocroBmukoB A.B., Uneun A.Il., 3axapoBa M.A. 3anacanue »HEprud HAHOIOPOIIKOM
TIOMHHHS B HaNpPsHKEHHO-1e(OPMUPOBAHHOM COCTOSIHUM KPUCTAJUIMYECKOH peIeTky //
N3Bectuss TOMCKOro MNOJUTEXHUUYECKOTO YHHUBEPCUTETA. MHKMHUPUHI TIe0pecypcoB.
2016. T. 327, Ne 2. C. 77-80.

10. Wendlandt W.W. Thermal Methods of Analysis. NY : John Wiley & Sons, 1974.

11. Hauffe K. Reactions in and on solids, U.S. Atomic Energy Commission : Division of

Technical Information, 1962.

o =

ABTOpCKMIl KOLIEKTHB:

MocTtoBmukos AHapeii BraguMupoBny, KaHJI. TEXH. HayK, HHXKEHep Kaeapsl oOMLIei XMMUH U XUMH-
4yeckoil TexHomoruu Tomckoro mnomurexHudyeckoro yHuBepcurera (r. Tomck, Poccumst). E-mail:
pasembellum@mail.ru

WUabun Anexcanap IerpoBuy, 1-p ¢pus.-mat. Hayk, npodeccop kadeapsl 00IeH XUMUA H XUMAYECKON
TexHosioruu ToMckoro nonurexHuyeckoro yuusepcutera (r. Tomck, Poceust). E-mail: genchem@mail.ru

Tomsk State University Journal of Chemistry, 2016, 2 (4), 7-14. DOI: 10.17223/24135542/4/1

A.V. Mostovshchikov, A.P. Ilyin
Tomsk Polytechnic University (Tomsk, Russian Federation)
The influence of the UV-radiation on the thermal stability of the AgCl

Silver chloride is widely used as light-sensitive element of photographic emulsions in pho-
to materials. Despite widespread use of silver chloride such important photochemical charac-
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teristic as influence of ultra-violet radiation on its physicochemical characteristics is not
widely explored. The work is aimed to define the influence of ultraviolet radiation on thermal
stability (sublimation energy) of silver chloride.

Mercury-quartz lamp of high pressure with maximal intensity on wave-length 365 nm was
used as an emitter. Samples of AgCIl were placed in Petri dish and were put under the ultra-
violet lamp.

According to the experiments, crystals of silver chloride were differed depending on syn-
thesis conditions: silver chloride synthesized in excess of silver ions was characterized by
heat of sublimation about 6813 J/g, what meant that its heat of sublimation rises by 1.8 times.
At the same time silver chloride, synthesized in excess of chloride ions was characterized by
decrease of heat of sublimation by ~ 2 times. It is known that presence of chloride ions in the
lattice decreased speed of photolysis during irradiation. Apparently a solid surface film of
metallic silver was formed on surface of silver chloride synthesized in excess of silver chlo-
ride during time of irradiation, while there was no film on surface of silver chloride synthe-
sized in excess of chloride ions. The presence of the solid surface film of silver with melting
temperature of 960° C obstructed evaporating of silver chloride: temperature of intensive
vaporization of original sample was ~ 800 °C, while after irradiation it decreased to ~
750 °C. Temperature of intensive sublimation of sample synthesized in excess of chloride ions
was ~ 800 °C and changed insignificantly after irradiation. Growth of heat of sublimation of
silver chloride with excess of silver ions is, seemingly, connected with energy expenditure on
sublimation due to decrease in proportion of surface which is not covered with silver. Reduc-
tion of heat of sublimation of silver chloride with excess of chloride ions was explained by
absence of the solid surface film of silver and catalytic effect of silver agglomerates formed
during the process of irradiation.

Keywords: aluminum chloride; ultraviolet radiation, thermal stability.
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